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JITTERING JETS IN COOLING FLOW CLUSTERS
Noam Soker1
Active galactic nucleus (AGN) jets in galactic, group,
and cluster of galaxies cooling flows heat the intra-cluster
medium (ICM). The heating by jets and the feeding of
the AGN with cold clumps operate via a negative cold
feedback mechanism (Soker 2016 for a recent review),
where jets form nonlinear perturbations that later de-
velop into the cold clumps (Pizzolato & Soker 2005).
I propose that the jets not only supply energy and the
perturbations for future accretion, but they influence also
the angular momentum of the future accreted gas.
Whereas there is an agreement on the cold feedback
mechanism (e.g., Choudhury & Sharma 2016; Hamer et
al. 2016; Loubser et al. 2016; Barai et al. 2016; Tremblay
et al. 2016; Donahue et al. 2017; Hogan et al. 2017; Voit
et al. 2017; McDonald et al. 2018; Voit 2018), there is no
agreement on the process by which jet-inflated bubbles
heat the ICM. Suggested heating processes include ex-
citation of shocks (e.g., Randall et al. 2015), turbulence
(e.g., Zhuravleva et al. 2017), excitation of sound waves
(e.g., Fabian et al. 2017), uplifting gas (e.g., Gendron-
Marsolais et al. 2017), cosmic rays (e.g. Fujita & Ohira
2013), and mixing (e.g., Bru¨ggen & Kaiser 2002; Gilkis
& Soker 2012; Hillel & Soker 2016; Yang & Reynolds
2016). Observations suggest that turbulence is too weak
to heat the ICM in Perseus (Hitomi Collaboration et al.
2016). This leaves the mixing of hot jet-inflated gas with
the ICM the most promising heating mechanism (Hillel
& Soker 2018).
Recent observations show that jet-inflated bubbles
commonly uplift cool gas from the cluster center (e.g.,
Doria et al. 2012; Russell et al. 2017; Su et al. 2017;
Gendron-Marsolais et al. 2017). Although the gravita-
tional energy that is released by the clumps that fall back
cannot be a major ICM heating source (Hillel & Soker
2018), I show that when these clumps feed the AGN they
might lead to jittering jets, i.e., the directions of the jets
of different activity cycles can substantially vary.
Consider uplifted clumps (Figure 1).
At a distance of rbub from the center the clump dis-
connects from the edge of the bubble. At disconnect-
ing the clump location is −→r clump at an angle β =
arctan(abub/rbub) from the propagation direction of the
jet, and its velocity relative to the AGN is −→v clump,0.
Its initial specific angular momentum is
−→
j clump,0 =−→r clump × −→v clump,0. Whatever the initial velocity of the
clump is, there is a minimum angle δmin,c between the
direction of the clump’s initial angular momentum and
the direction of the original jet
δclump ≥ δmin,c = pi
2
− β = arctan(rbub/abub). (1)
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Fig. 1.— A schematic drawing of the flow structure where jet-
inflated bubbles uplift cold gas.
For Abell 1795 (Russell et al. 2017) and Fornax (Su et al.
2017) I find δmin,c ≈ 45◦ and δmin,c ' 70◦, respectively.
Although most of the angular momentum of the dif-
ferent clumps is canceled by clump collision and friction
(Pizzolato & Soker 2010; Gaspari et al. 2013), some resid-
ual angular momentum is retained by the inflowing gas.
In random clump accretion the residual angular momen-
tum is likely to be that of the ICM. Namely, future accre-
tion disks will tend to have the same orientation as be-
fore. In accretion from the plane of the original accretion
disk, future disks will be even more likely to maintain the
old orientation.
When most of the accreted cold clumps come from the
direction of the original jets (Fig. 1), equation (1) shows
that the residual angular momentum is likely to be at a
large angle to the original one, hence varying jets’ axis.
The AGN feedback heating mechanism of the ICM
refers to the energy cycle. The cold feedback mechanism
introduces mass as another ingredient of the feedback
cycle, as the mass accretion of future AGN activity cy-
cles is determined by the formation of perturbations by
past activities. I propose that the angular momentum is
also an ingredient of the feedback cycle because the jets
influence the angular momentum of future accreted gas,
and hence future jets, to have varying directions. This
makes the heating by mixing of the ICM more efficient,
and further supports it.
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